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TENSILE AND -TOUGHNESS PROPERTIES OF PRIMARY

PIPING WELD METAL FOR USE IN MECHANISTIC

FRACTURE EVALUATION'

Executive Summary

|

Presently, the Loss of Coolant Accident (LOCA) evaluation of Pressurized
i Water Reactor (PWR) primary coolant system is carried out by postulating

nonmechanistic circumferential (guillotine) breaks in which the pipe is"

assumed to rupture along the full; circumference of the pipe. This results
in overly-conservative loading conditions for the primary coolant system.

; Such a nonmechanistically derived conservative loading not only increase.
the cost of design, fabrication and maintenance, but also causes

,

j fictitious problems for thc reactor coolant supports in existing
I plants. It is, therefore, dasirable to be conservative but more realistic

in the postulation of breaks for primary systeu design.,

The following group of utilities have therefore sponsored a Mechanistic Frac-
ture Evaluation Investigation of Reactor Coolant Pipe Materials:

1

American Electric Power Donald C. Cook 1 & 2

; Carolina Power & Light Robinson 2

Commonwealth Edison Zion 1 and 2

Connecticut Yankee Haddam Neck

Florida Power & Light Turkey Point 3 & 4

Rochester Gas & Elec. Co. R. E. Ginna
.

Southern California Edison San Onofre

Virginia Electric Power Co. Surry 1 & 2

Wisconsin Electric Power Point Beach 1 & 2

Swedish State Power Ringhals 2

Yankee Atomic Electric Co. Yankee Rowe

Omaha Public Power District Fort Calhoun 1

1

|
,

|i
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.

The objective of this investigation is to examine mechanistically, under
realistic and yet conservative assumptions, whether a crack assumed to
appear instantaneously in these plants will become unstable and lead to
a full circumferential break when subjected to the worst possible combina-
tion of plant loadings.

A detailed mechanistic evaluation, presented in WCAP-9558, for base metal
has shown that double ended breaks of reactor coolant pipes are unrealis-
tic and, as a result, large LOCA loads on primary system components will
not occur.

This report presents the results of an investigation undertaken to deter-
mine the tensile and fracture toughness of representative reactor coolant
system weld samples. The results of the tensile and fracture toughness
tests are summarized and the weld metal properties are compared with the
same properties of the base metal. It is found that the weld metal pro-'

perties fall within or above the scatter band of the properties of the base
metal. Therefore the conclusions reached in WCAP-9558 for base metal are
equally applicable to weld metal.
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1. INTRODUCTION

,

--
. .. .. . . , . . __ a . c

i

~this report is to present the tensile and fracture toughness properties for the

weld metal and to show that the conclusions reached for the base metal are
equally applicable to the weld metal.

The weld metal test program,w.ich was undertaken to obtain the tensile and
fracture toughness properties for weldments representative of those found
in the plants listed in Table 1-1 consisted of several steps. First, a
survey was conducted to identify the. various welds in the primary coolant
system of each of the affected plants. The veld procedures were reviewed
and summarized. Second, a test program was formulated to represent the con- '

ditions identified in the welc data survey. Third, the various weld speci-
mens were fabricated to the applicable specifications. Fourth, tensile and
compact tension specimens were machined and tested to obtain the required
material properties for comparison with the base metal properties.

Each of the above steps are briefly discussed in the following sections.
The results of the tensile and fracture toughness tests are summarized

,a c

__ --

1. Palusony, S. S. and Hartnann, A. J., Mechanistic Fracture Evaluation
of Rea ' tor Coolant Pipe Containing a Postulated Circumferential Through-
Wall track, WCAP 9558 - Rev. 2, Proprietary Class 2, May 1981.

1
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TABLE l-1

i PLANTS COVERED IN THIS REPORT
_

,

PLANT IDENTIFICATION OWNER UTILITY

Acronyms ,

i

Donald C. Cook 1 & 2 AEP AMP American Electric Power

Robinson 2 CPL Carolina Power & Light

Zion 1 and 2 CWE, COM Commonwealth Edison

Haddam Neck CYW Connecticut Yankee

Turkey Point 3 & 4 FPL, FLA Florida Power & Light

R. E. Ginna RGE Rochester Gas & Elec. Co.

) San Onofre SCE Southern California Edison
.

Surry 1 & 2 VPA, VIR Virginia Electric Power Co.
;

Point Beach 1 & 2 WEP, WIS Wisconsin Electric Power

: Ringhals 2 SSP Swedish State Power

Yankee Rowe YR Yankee Atomic Electric Co.

! Fort Calhoun 1 OPPD Omaha Public Power District
.
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54'W e *A ha t w & 4 .w. '.. .' CL,Q f

TABLE 2-1 SUMMARY OF REACTOR VESSEL SAFE END WELD DETAILS
| . . .

.

* Esposed
Meet

Vendor Weld Esposed Treeted
and Overlay Process Sonsttired IncenelWeld Weld eld Weld for 5.5. Weld 'seldPlant Contract # Safe End Design Nozzle !b . No. Weld No. Proc. No. Process Metal Metal Overla t Metal Metall

a C ;
_, _4j , aCy C

f 4_ a ,,C
.,

. _a 4_42C
f'P C.E. 5.5. Safe onJ attached prior to f nal PWHT All E-233-445 3-445 WC-23366-

, . . . y..- p
t,

,,,, t
_ _233e6 0.erlay wi 'h 5.5. L inconel in sh<p. 445

.

.

After final FWHT.
-f. !

I
SF Ca & I 5.5 Saegdattached prior to Pi HT All 68-3262-55 8 uttering 1103-4-F5-

' ~

Ir

68-3262 Overlayed eith 5.5. tr shop prior to PWHT 68-3262-24 Weld 1305-6-F5
, ,. )!

_l

- - ---

34971E -"T 't S&w ,Nortg gd tL uttered =ith stainle,s
steel g iog o P.lMT,

Nozzleee.Jbatteredwithstainle1
.- ._.,QE B&W s Inlet 133325E WR-19 WR-19 Rev.C'

610-0144 steel prio *3 PWHT Outlet 133322E WR-23 WR-23 Rev.0
'r

. ,_.

- W B&w Notzle endt buttered With stainlet s Inlet 139749E WR-19 k'R-19Rev.0
" ~~

610-0152~ steel prior' to PWHT Cutlet 139747E WR-23 b2-23 Rev.0
'~ ' ~ '~'' ~

j

| '9'
i
.

" "APFL BEW herzle en 4 buttered with stainless Outlet 117887E WR-27
~~

-

610-0116 steel prio[ta Pk'HT Inlet 117886E WR-3
''

'N '~'' |,

g

1Tt Z Z i
zin)

Ot?? '

FLA B&W Nozzle ends battered with stainleis Outlet 117887E WR-27 I Same as FPLi
.

610-0116 steel prio to PWHT Inlet 117886E WR-3
r

i u _ _ _ _ _ u _ _ ,

- _ _ .

,
.

. ___ . _ . _

.

**** All weld is 308L

.

e

.._ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 2-2 SUMMARY OF PIPE WELD DETAILS FOR AEP AND AMP

_ _ _

1
- a m

K B % cE* * ^
e u

D b%S E # R 5 e bS $$* .t% S 3 85 h3. . % -v
D5 BT4 38? E*3 E E ab *ow

bbt b b ST T b Mi cit I txo "

| $t
UEMo 3 0%8 8 8 b4 % i && E"" .

CW $ GGS G G de S 5 55 25% ; j;

4 *

Field We,ldl | |
'a,c slayers: **' - -

Ia,c 86._ q ] ;
- r

root pass j 75/125 17/22 - - Unit 1: Livesy : Pro 8-2 '

Co. ;

g SP ; rev.IVj
Unit 2: Power *

*.

Systems Inc. !
*

v
2 & 3 root 45/90 14/20 - - E
pass SP '

t
(if req'd) ! !

!

cover or 75/125 17/22 - - |
cap pass * SP

i
.-1st layer 65/115' 17/22 - - .
t

after root RP '

.

2nd 65/115' 17/22 - - I v, , _ _'
. .

| t

~*Livesy Co. Did not complete cover pass by GTAW.
** Argon shield and internal purge.

%TST!::C::CUSE PRCTRIETARY CLASS 3
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TABLE 2-2 StM4ARY OF PIPE WELD DETAILS FOR AEP AND AMP (cint'd) __

-

1

i _

O O +

uE 3 E 3 3 c5 EE" m
# 5 E cU EU 35m =*a 33

Sg 33. Oj~ ~

8 420 e e' w o

b i Euc 2 E T3 & tu MAS Cc

USE U U E% 0 li E'S M$ LD
Dd T 3 ; E. 3 3 b3 2 5 EK Eu. E*wo o

r2 2 w u. v w w v a. > z - a: =oo 3g

Field Welds
.

layers:
ac -

d.ca ,c
-

~

As many as |- ' * ' " l~

i 7/125 RP 19/25 %8 RT of Unit 1: Livesy Pro 8-2required i 110/150RP 20/28 Total final Co. rev. IV
j weldy

o Unit 2: Power
Systems Inc.

Shop Welds

layers:

75/100 SP 13/15 4 *** Southwest p-8-HA-1root pass *

Fabricating

2nd 80/120 RP 14/16 4 ***

3rd 200/300RP 28/30 4 ***

|Asmanyas ..

V v275/350RD 29/32 4 ***'
irequired { .J . -

__

- gI

* Argon Shield
** Argon Shield and Internal Purge
**^ Radiographic, dipenetrant and ultrasonic procedures as applicable at various locations; inspection

records for Unit 1 on fi.le.
. In377* ~,~~ ,-. c . . , . . ': CL*.~,5 2~ . . .

.

_ . _ _ _ . _ _ _ . _ . . _ _ _ . _ _ _ _ _ . . _ _ _ _ _ _ _ _ _
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TABLE 2-3 SUMMARY OF PIPE WELD DETAILS FOR CPL I % 3 74

M'$IUJ.';y,..,_
.

- . -

2 0 | ch1 e w -

u8 a 8. # 3 u8 .3g"*' .# 5 2 ct E% ;ggm =*a 3s
EE3 E E ~' s $ 35 B3m |38"

o
b & Euc 2 E #3 a UE MAS ;tsu

U 3 T; U U EE 3 $ E'S 50$ ! M f!wo e
Ed T 3;E 3 3 b5 5 5 Es Euw i 4_ .

~

r2 2 www w w wa > z -m noo ; o

Field Welds
,

' layers:
-

-,,e ,,c
-

a,, c a,c !

r 7 I l
*** ** Ebasco |WP-61st 95/105 SP 9/12

. I Combustion Eng.
S | Navco i

1

2nd i 70/80 RP 20/23 *** **

l

or
1 tI

; y*
i [;-2nd (alt.) 95/105 SP 9/12 *** **
; p
' 'L

| E-

~ t a.
As many as *** ** E,

. 100/150RP 21/24
required '

I
. S

'
I

Final (alt.)
~

'

100/130SP 9/12 *** ** V i
'

.

(may be used) L J , u _ i B.

i i
SHOP WELD SEE FIELD WELDS :

^^

,r

* Argon shield and internal purge.
**PT of weld root, RT of 1/3 wall, RT & PT after final pass.
***Not Available.
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TABLE 2 4 Summary of Pipe Weld Details for CWE and COM

0
2 B

o e n
e

? c$ E

3| 33e Ok"

8 SEO E E "m o

8 e em e e US a Um na c
m

U35 U U E5 0 $ Es $25 i US

s-d T 3;E 3 3 h5 5 !! Eg Em E*wo m

r2 2 wwm w w va > z -e =oo 3%

Field Welds
*'3beads **: a , c. a ,s

F

a,r -

p g-

*** PT Pope-Morrison 73
90/120SP 16/24

1 rev. 2
!

I
..

***
90/120SP 16/24 -

M 2

!,.

***
90/120RP 16/24 -

3-6
\f

e q
*** PT &As many as 100/160RP 22/25

100% RT*

L.required - - - --- - _.

Shop Welds SH(|P WELDS E,Y SOUTHWEST FABRICATING & WE DING CO., 5 HOP WELDS ARE THE SAME AS AEP

EXC EPT THAT: THE Nt!MBERS of .;3TS AND THE INSPECTION REQUIREMENTS ARE UNAVAILABLE.'

* Argon shield and internal purge .

** Number of be: ads varie s with we ld positic n.
***Two bare filler wire and thre e consumat le insert heats per reactor.

|
' - . _ _ _ _ _ . ._-

. e .- c
- r'';2

'

______-_______ _ - _ _ _
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TABLE 9-5 SUMARY OF PIPE WELD DETAILS FOR CYW

. _ _ . _ _

,

% E 7 3 ce

*: b%S 3; # R 5 e $ bS 5|
-

c

8 eU% 3 3 EE 50 1' 3 8
ev

%e e

e B*3 E B ub LB tree

bbt b 5 EI T h 83 c@% | UO
m >-o '

E3 3 808 8 8 EM M $ E fr E'* !

CW 8 DDR D D 82 8 E BE 28o E.- "o
,

!Field Welds

layers: a,c
a,e a,c ae ,s .

r- ;
_ _. .. _.

** PT Stone & WebsterW-10899-2
I root pass 90/125 SP 14/16

.

O s

|
As many as 80/110/ 18/22/ ** PT & RT
required i 135 RP 24

'I O
I

J- - . . L _ .

Shop Welds g'
SAME AS FIELC WELDS g;

5
5
tim

5* Argon shield and interr al purge
2}**Not available
L'1

E.<
9

. - _ _ ,B,;
M
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TABLE 2-6 SIM4ARY OF P M M LD DETAILS FOR FLA AND FPL

_.

4

i em
- ,

E 7 $ % cU* u

873 5 4 t i E D b3 f|
c

*

0 o%% S 3 85 h3 ou
e o %

D5 BTE 38*
? E*3 E E ab ow

bbt b b SI T t 81 cit >.o '

r o, 3 8: 8 8 8 t ," il R a- l'= Tu"

cs & GC& G G 82 3 E BE 28o $y i

Field Welds
layers: -

a,c _ a ,$ _
a ,5

-

a,c

*** ** Bechtel P3-AT-Ag102 70/120 SP 10/15
% 60/110 SP 10/15 rev 12

||
3 i 60/100 RP 22/25 *** **

4&5 80/130 RP 23/26 *** **

I I

80/130 RP 23/26 *** **
As many as
required 100/170 RP 24/27 g/

V
- _ _ -

_ _,
- -

,

OTHER CHARACTERISTICS T iE SAME AS ABOVE P8-AT-Ng
rev. 12 'M

.;
!:

. s%

]i:-T!i'
- ..

; . *.6
.

.,

*P8-AT-Ag - Ar.on shielc purge, F8-AT-Ng - Argon shield and ni trogen purge, i'
**100% RT a.cer final pass, PT of root and final passes, 'i'

d***Not Availabl e,
.2

,v

_ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ - - - -
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TABLE 2 '/ SUlHARY OF PIPE WELD DETAILS FOR RGE
_ _ _ . _ _ _ - --

.,

^e e - 0
. O

3 *
c$ b| SE8 0 $ " ,i D S{ 3 3 ui

~

8 + eme e e te a U:

c$um nat .* T; t t eh 3 2 a's '52s %=
mwo =

bd 5 3;E 3 h5 5 9 EK Ea E*
*

~2 2 wwm w w um > = -m zoo Eg
Field Welds

layers: - U - a , c. ae ac ,g ,._ a_

root
70/150 SP 16/20 ***

,

I | PT Bechtel Corp. P8-AT-g2nd
70/100 RP 23/25 ***

l IER As many as
-

required 70/100 RP 23/25 *** PT & RT
or or after.,- - - - - - -

- 110/130 RP 24/26*
y* final U

pass

Shop Welds

SHOP WELDS BY NAVC0 - SEE TABLE ~2-6 -.

,

.

1
TA
-

E
. C
z.;

' h
~
:n

58Argon shield a id interral purge @
*

*Different amp ; & volts depended upon elec trode size.
*

$***Not Ava11abl e.
-

\ O
_- n'

.

eer

_ _ _ _ _ _ . _
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TABLE 2-8 SUMMARY OF PIPE WELD DETAILS FOR SCE
--

-. - _

J
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^ M
hb t

* C N
G N 'y

OM* W >= O

@ MM ec > CC L 'O gy

.V,. h-e- m
O T U V V h O

6 L O e O O 4# C 4 W Ubt i %

[h
! Ce"a E"" gu

4 0
L W

W 4 "

ES 2 8;8 8 8 t* i
>- LJ C e -c- O. m r= 3O O 3 C CJ cL% y%

'E WWW W W U Q. > 2'. - C2|| EOO m o
.'F- O

Field Welds a,c a2 : a , c_ ag
,__.

layers:
*** ** Bechtel Corp. iP8-AT-g

1 70/150SP 16/20,

trev. 1

150/250 SP 20/24

0 i *** **
As mani as 70/100 RP 23/25 VV 1requireo

110/130 RP 24/26 ;
.

.
- - - - - - -.

y
,

_ _ . . _ 1

D.
-
E
E
E
N
a
fl
H
C

* Argon shield snd inter nal purge g.

**100% RT
***Not Available. g lj!

n
P

-

- - - - - - _ - _ - - _ _ - _ _ _ _ _ _ _ _ _ _
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TABLE 2-9 (cont'd)-

,

'
- _..

E E 7 0 cc
3 U 5TS "o N $ E c0 nb S|o

N E e%N 3 3 2P E% Nu*

E BIS B B ob t t$ So 38e e
o mw E3 Ei2 Dxh 5D. E D EI E' c sew . *oe v u-o u o s. m o e ==

S T 3CE 3 0 Eo i SE E' E* '

o
s 2 w u. m w w va > g g gg yga:

w
M

*!" ac2Shop Weld: aa ag - --
__

Pass No.

1-3 100-170 10-14 ** Not Southwest P-8-m-3|
,

SP Given Fab.
w
o

140-210 16-19 **

SP

4-5 140-210 16-19 **

SP

Untti Comple- 90-160 RP 22-25 **
_

, e

3tion 140-210 24-28 **
,

RP -i
M70-110 RP 22-25 **
o

_ 1-. _ _ _ _ _. g
, m

3
'!NOTE: Heat Treatment - None ;

1

** Not Available @
P
a,
.

M.

.

_ _ - . _ _ . _ _ _ _ _ _ _
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TABLE 2-10 SU.9tARY OF PIPE sELD DETAILS FOR WEP AND WIS
_____ _._ ___ _

,

$ c$^
o e -

5c$ e*

sg s- s8 sea e 4 s
- -

b i Euc e e US a tu %A3 Cu

USu U U e 'o O S Es b'*. $ 3hwo u

2 "$ 5 3;E 3 3 b5 5 L EE Euw =

r z wwm w w wa > z -m roo St

Field Welds aca,c a,c ad 3_ _

layers: ) '

I
root & 60/110 SP 10/15 Bechtel Corp P8-AT-Ag*** **

I2nd pass I'**
70/120 SP 10/15

$ 1st after 60/100 RP 22/25 *** **

GTAW

2nd & 3rd 80/130 RP 23/26 *** **

I I .
*** ** V l V80/130 RP 23/26As many as |

required 100/170 RP 24/27 |L ._ _ -- - _.

?
_ _

-

$. ,
Shop Welds j-

: SH0P WELDS 3Y NAVCO, SEE TABLE 2-6. ;.

! U
! :s

i.li
4,

i I:
| c

E'.* Argon shield and inte nal purg e.
**100% RT, and PT of root and f Inal passe-;. L
***Not Available

!
$

_ _ _ _ _ . _ ____ _ _ _ _ _ _ _
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TABLE _2-11 SUMMARY OF PIPE WELD DETAILS FOR SSP
, _ _,

O $ che e -

3 e$ b
8 SE3 E E 35 B3m ^

0$
~ "

>, ob & Eut E E t3 & te MAS C-c
,USE t t Eh 3 E Es tas . i$wo v

Ed % 3;E 3 3 h5 5 5 Eg Em i =ra a wwm w w va > z -e =oo ; S.o

Field Welds i
*

pass:
_

y _
ag a,c -ac _

,

I
, 60/100 SP 18/24 *** ** Mannesmann 34.

Rohrbau(Gormap)
2&3g 60/100 SP 18/24 *** **

,

4 i 70/100 RP 24/30 *** **

,

5-8 80/130 RP 26/32 *** **

I
-sAs many as 100/150RP 28/32 *** ** V Grequired y y'

,

; g_ _ _ _ _ _ _ _ .

m-

Shop Welds g
SHO) WELDS Bf CREUS0T- _0 IRE, WE .D PROCEDUltE NOT 011 HAND [}

. g,,
:. '

S'l
* Argon shield and intenal purge p
**100% PT on root pass , after first 3 GTA d passes, and on in".ermediate pass each 25m of SMAW welding. 100% RT Mon intermediate passes every 25mm ind on fi 1al surface, 100% PT on f- nal surfa ce. w
***Not Available ,

i

____._.

-___-__m .m__ _ - _ _ - _ _ _ _ _ . . _. --- _
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TABLE 2-12 SUMMARY OF PIPE WELD DETAILS FOR YR
. . . . - - - -

. Y b
i % 3 s. 5 Ej ~'
nG G 'e

$ 2 cY E% Us"* u8 3

8 420 e 4 t 3g 33. 38. *
E 33 ~-

x ;

b & Euc E e ud a tu MA3

USB n n Ek 3 2 K5 %28 BDo

2:d 5 3;E 3 3 h5 5 5 EE E s_ . E"

r2 2 www w w wa > z -m roo Stwo v

Field Welds
a,cag

,_.
a,g

, ,layers: a;c , ,

*** PT Stone & Webster 9699
120/130 SP 14/16

root .

I
I if*** RT & PT :70/100/13018/20/22As many as after jw

required final gg ;
"

c pass t

I
t -e

- I b
-

.

80/110/13518/22/24 ***
. 5
I E

RP
| - S,,
-

,
--

.
t J

i. .l.
-

;- _. . -
..

jj
Shop Welds

D.<
EAME AS F1 ELD WELDS P

[b
.N

***Not Available..*Argonshieldkndinter nal purge
** Electrode sike depencs upon tr ickness (1 ) of base metal

}

.-_____ __________ _ _ _
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I TABLE 2-13 SU MARY OF PIPE WELD DETAILS FOR OPPD

m

O O ^ C

C$ I* 5$53 *

8 are a : ag as. eg <- -

s
8 eme e e US a em x23 c-

m
U S T, t t eh 3 2 E5 Ms 33: we u

; Bd 5 3;a 3 3 h5 5 5 EE Em 4-
63 3 wwm w w va > z -m too m o

r
'

| Field Welds
I
- layers:

ac a,c
__ a dL aes , , _- _

'root & 60/100SP 10/15 2 ** Peter Kiewit 16A-.

| 70/120SP Son's Co.,

.

I

lst SMAW
% 1 60/100 RP 22/25 1 **

.

4

I2nd & 3rd
80/130 RP 23/26 1 **

.

80/130 RP 23/26 d y g**
eq red y' .

_ _ _ _ L J 1 e
. 5

=
8
N
3
!?
?!
la
G
-<

0
M

* Argon shield and interral purge p

**RT and PT

-
. - - . . -

--_ _ _ _ _ _ _ - -
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3 TEST PROGRAM

Welding process, filler metal specification and heat treatment condition

,

are the three major factors that determine the tensile and fracture toughness

| properties of welds. Examination of the Tabies 2-1 through 2-13 shows that

j four welding processes, namely, Gas Tungsten Arc Weld (GTAW), Gas Metal Arc
Weld (GMAW), Shielded Metal Arc Weld (SMAW) and Submerged Arc Weld (SAW),

were used in the fabrication of primary coolant pipes. The welding processes
GTAW and GMAW were used either in the deposition of overlay weld metal or

in the root pass welding. In either case, the volume of metal deposited
by these precesses are small and are less than about ten percent of the
total volume of metal contained in any given weld joint. In other words,

a large volume of the metal in any given joint was deposited by either the
SMAW or SAW processes. For this reason, the SMAW and SAW processes were

chosen for test. This choice was agreed to with the US NRC staff prior to
the preparation of weld samples,

The weld metals used in the various welds are Inconel-182, SS-308, SS-308L,

SS-309, SS-309L, SS-136 and SS-316L. Of these SS-308, SS-309, SS-316 and

Inconel were chosen for test. The only significant difference between
SS-308, SS-309 and SS-316 and SS-308L, SS-309L and SS-316L is in the carbon
content. The carbon content of the former materials may be up to 0.08
percent by weight whereas the carbon content of the latter materials is
specified to be below 0.03 percent. At the outset it was assumed that the
variations in the carbon content would not significantly affect the proper-
tier that were sought in this test program. .h has subsequently been shown,

-

by an analysis of the carbon content, that this assumption was true. The two heat
treatment conditions investigated are as welded and post weld heat treated
(PWHT) conditions. Based on a combination of these parameters and prior dis-
cussion with the U.S. NRC, six weld samphs were chosen for test. Table 3-1 ~
shows the six weld samples, identified by SP-1 through Sp-6, and the asso-
ciated welding pi_ cess, filler metal and heat treatment condition. Two
tensile and three compact tension specimens were chosen for each weld sample.

The base metal plates for these weld samples was chosen to conform to ASTM-
A240-rp-316. The tensile properties of this material are comparable to those
of reactor coolant system pipe base metal. The plate thickness was chosen to
Le 2rl/2 inches which is equal to the pipe wall thickness. In order to re-

present the long circumferential welds in the plants the length of the
weld samples was chosen to be 48 in, long.
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[ 4. FABRICATION OF FULL PENETRATION WELD SAMPLES

'

>
>

| Figure 4-1 illustrates sr.hematically the various parts of the weld sample

| and the orientation of the tensile and compact tension specimens. The fab-
| rication of the weld samples began with the preparation of a detailed weld-
i ing procedure for each of the samples. Two base metal plates. 18 in. x 48 in.

x 2-1/2 in., were cut and a 22-1/2 degree bevel was machined on one end. The plates
were set-up such that the two 22-1/2 degree faces faced each other with a
separation of 1/2 in. The weld metal was deposited using a backing plate. The
welds were radiographically examined. Where applicable, tha radiography was

carried out after heat treatment.'
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5. TEST RESULTS

Three 2 in. thick compact tension (CT) specimens and two standard ASTM 505
tensile specimens were machined from each weld sample. The orientation
of specimens is shown in Figure 4-1. All of the specimens were tested
at 600*F under static loading conditions following the procedure

described in [1]. A chemical analysis of each of the weld samples was per-

formed to determine the carbon content.
a,C-

_

d

f

f

1

1

-

: g

|
|
!

!

i
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TABLE 5-1 TENSILE PROPERTIES OF WELD

SAMPLES AT 600*F

.

'
'

ir
Weld Elastic 0.2%

~

Ultimate % % % Weight
Sample Modulus Yield Strength Elongation Reduction Carbon

,

Number Strength .

in area Content
* KSI KSI KSI |

-

i

a ,c a,c a,c _ a ,c _, a , c a#c__., _
_

SP-). r -''

EP-2
.

} SP-3

I SP-4 .

I

! SP-5 i

SP-6
__ -.

_ _ _ _ _ _ _ _ _ _
_ ..

* See Table 3-1 for discription of samples.
.

1

!

|

.
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TABLE 5-2 2T Compact Tension Specimen
Test Results at 600'F

Specimen J ^^
2

Number in-lb/in in
|

a,c - . a ,c- -

SPl-3
SPl-1

SPl-2

SP2-3

SP2-1

SP2-2

'

SP3-1

SP3-2

SP3-3

SP4-3

SP4-2

SP4-1

SP5-2

SPS-1

SPS-3

.

SP6-3

SP6-1 i

'

jSP6-2
,

_

_
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7. SUMMARY AND CONCLUSION

The material, design and fabrication details of all the full circumferential
welds in the reactor coolant piping system of the sponsoring utilities have
been reviewed and summarized. Based on a careful examination of all the
factors. that would influence the tensile and fracture toughness characteris-
tics of the welds in consideration, six different weld samples were tested.
A detailed specification was developed for welding each sample. Out of each
sample, two tensile and three 2 inch thick compact tension specimens have been
machined and tested following the standard or the state-of-the-art procedure
under static loading condition at 600 F temperature.

_a,c
,

--

|

! [13 Palusamy, S.S. and Hartman, A.J., Mechanistic Fracture Evaluation of
Reactor Coolant Pipe Containing a Postulated Circumferential Through-
Wall Crack, WCAP-9558-Rev. 2, Proprietary Class 2, January 1981.
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ABSTRACT

Fracture toughness tests were conducted on five stainless steel
weldments and one Inconel weldment at 600*F using the J-R curve format

determine whether the weld fusion zone has equivalent toughness to 3,Cto _
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_ INTRODUCTION

In a previous study stainless steel piping material was
tested at 600*F to determine fracture toughness in a J R

- curve format.
Tests were conducted both under conventional and dynamic loadi
The material proved to be of sufficient toughness with dynami

ng rates.

cally loaded
tests exhibiting somewhat higher toughness than those loaded at a
conventional rate so conventional rate testing was considered to '

a conservative lower bound. provide

The piping material was both cast andwrought

fabrication and constituted a base metal conditionA question
was raised as to whether a weld fusion zone would have a t

.

comparable to the base metat. oughness level

to measure the toughness of weld materialTherefore a testing program was initiated
.

Six different weldments were prepared.
Fracture toughness

tests were conducted on three specimens from each heat
to compare points

on the J-R curve with tests from the base metal.All tests were conducted
at a conventional loading rate because the resulting data is c
to be conservative. onsidered

In this rel o. * the results from these tests on weld
metal are presented and compared with previous results from b

ase metal.

A-3
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MATERIAL AND PROCEDURE

The material consisted'of six different weldsents identified
~

by SP-1 through SP-6. Weldments SP-lithrough SP-4 and SP-6 were made of

stainless steel whereas SP-5 was made of Inconel. Two inch thick compact-

(2T-CT) specimens were nachined and precracked. The tests were conducted

at 600*F in a manner .similar to the J test' procedure; the loading rate
Ic

was conventional.( } A detailed description of this procedure was given
in a previous report.(l)

-

Duplicate tensile tests were conducted for each weldment at
600*F using 1/4 inch diameter tensile specimens.

RESULTS
,

.

The results from the tensile tests ,tre given in Table 1 and

Figure 1. The results are fairly uniform witL the exception of Inconel
weldment SP-5 showing a higher ultimate strength and percent elongation.

The results from the toug' ness tests are given in Table ? and

are plotted in the form of J versus crack extension, Aa, on individual
plots for each veldsent, Figures 2-7. A best fit straight line for each

set of three points was determined by the least squares method and
plotted on each figure. These lines are not the same as those used to
determine J by the proposed ASTM procedure because the number of
points and Aa values do not conform to this procedure.(2)

*
Values of Aa

were taken well beyond the limit for J determination so that a
7

I substantial portion of the R curve could be developed.

All of the points for the six weldments are presented on a
single plot , Figure 8, where they sie compared with the upper and lower
bound lines for the base metal specimens tested at a conventional rate.
The best fit straight lines are all presented on a single plot, Figure 9,
where they are again compared with the conventional rate bounds.

! A-4
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The objective of this study was to observe the relative

positien of the points on the R curve rather than to develop complete R
a,C
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TABLE 1 '

TENSILE RESULTS FOR WELDMENTS
(600* F)

Elastic
Yield Ultimate

Strength Streagth % Elongation Modulus

Specitnen No. (ksi) (ksi) (1 inch) % RA (ksi)
a4_ . .

S"1-4

SP1-5

SP2-4

SP2-5

'SP3-4
i

SP3-5

1

: SP4-4

SP4-5
4

SPS-4

SP5-5

|

' SP6-4

SP6-5 -

M

Q = Quarter Break

.
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TABLE 1 -

TENSILE RESULTS FOR WELDMENTS
(600* F)

ElasticYield Ultimate
Strength Strength- % Elongation Modulus

Specimen No. (ksi) (ksi) _ (1 inch) % RA (ksi)
an,

- . .

SP1-4

SP1-5

i

SP2-4

SP2-5

'SP3-4
'

SP3-5

.

SP4-4

SP4-5

SP5-4

SP5-5

SP6-4

SP6-5,

' &

J'

0 = Quarter Break.
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TABLE 2

J and aa Values for Weldments

(600*F)

in.-lb)y

Specimen No. in. Aa (in.)
*

SP1-3 a,c 'n,c.- -

SPl-1

SPl-2

SP2-3

SP2-1

SP2-2

SP3-1.

SP3-2

SP3-3

SP4-3

SP4-2

SP4-1

SP5-2

SP5-1

SPS-3

SP6-3 :

|SP6-1

SP6-2 |
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